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SEMICONDUCTOR STORAGE DEVICE 
HAVING MEMORY CHIPS IN A STACKED 

STRUCTURE 

This application is a continuation of application Ser. No. 
09/608,149, ?led on Jun. 30, 2000, now US. Pat. No. 
6,426,560. 

BACKGROUND OF THE INVENTION 

This invention relates to a semiconductor storage device 
and a memory module, and to techniques Which are effective 
When utiliZed chie?y in a universal semiconductor storage 
device such as dynamic RAM (Random Access Memory), 
and a memory module employing the semiconductor storage 
device. 

An investigation conducted after the completion of the 
present invention has revealed that there is the o?icial 
gaZette of Japanese Patent Application Laid-open No. 
222989/ 1992 as a document Which is thought to be relevant 
to the present invention to be described later. The technique 
of the o?icial gaZette consists in the contrivance that stress— 
strain states Which appear Within a plurality of chips are 
uniformaliZed among the chips, the states being ascribable 
to heat generation during the operation of a semiconductor 
integrated circuit device in Which the chips are sealed in a 
single package, and an eXample Which realiZes a double 
storage capacity by employing tWo memory chips is dis 
closed in paragraph 0031 in the o?icial gaZette. The o?icial 
gaZette does not contain any statement to the effect that, as 
in the invention of the present application to be described 
later, the thickness (in the direction of the height) of the 
semiconductor integrated circuit device vieWed as one semi 
conductor storage device is made equal to or less than the 
thickness of a universal semiconductor storage device hav 
ing an equal storage capacity. 
By the Way, memories each having output terminals of 

2-bit con?gurations are stated in the official gaZettes of 
Japanese Patent Applications Laid-open no.20387/ 1985 , No. 
130139/1985, No. 171687/1985, No.146495/1987 and No. 
262291/1987. 

SUMMARY OF THE INVENTION 

In the case Where a plurality of chips are sealed into one 
package in this manner, the resulting device merely sealed 
becomes a unique semiconductor storage device, the uses of 
Which are limited. For the purpose of permitting a semicon 
ductor storage device to be Widely utiliZed, it is important to 
provide this device With compatibility With the existing 
semiconductor storage devices. According to the semicon 
ductor integrated circuit device in the aforementioned offi 
cial gaZette, the memory chips are held in a stacked structure 
so that the front surfaces (main surfaces) thereof may be 
opposite to each other, and a height for Wire bonding Which 
eXecutes connections With leads is required over each of the 
front surfaces of the tWo chips, so that the package thickens 
inevitably. 

Since packages have a tendency to be more thinned in 
universal semiconductor storage devices, it is difficult to 
realiZe a thickness equal to the thickness of the universal 
semiconductor storage device having an equal storage 
capacity by the technique stated in the aforementioned 
o?icial gaZette. In order to realiZe a large storage capacity 
Within a small volume, each of semiconductor storage 
devices is often used in the Way that memory chips are 
mounted on both surfaces of a mounting circuit board, 
thereby to construct a memory module, and that a plurality 
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2 
of such memory modules are plugged into a plurality of 
connectors Which are juxtaposed on a mother board. In this 
case, the intervals of the individual connectors are set as near 

as possible. Therefore, the memory modules need to be 
formed by matching the overall thickness With, at least, the 
pitches of the connectors. Considering the radiation of heat 
during a memory operation, hoWever, the memory modules 
should desirably be spaced from one another even if slightly. 

As a result of the study stated above, the inventors of the 
present application have found it very important that, When 
tWo memory chips are mounted in a single package so as to 
realiZe a double storage capacity, the thickness of such a 
package is made equal to or less than the thickness of an 
eXisting semiconductor storage device in Which a single 
memory chip is mounted. 
An object of this invention is to provide a semiconductor 

storage device Which can be formed thin While employing 
tWo memory chips. Another object of this invention is to 
provide a semiconductor storage device Which has an eXcel 
lent universality While employing tWo memory chips. Still 
another object of this invention is to provide a memory 
module Which is capable of increasing the storage capacity 
per unit volume and high-density packaging. A further 
object of this invention is to provide a memory module 
Which is Well adapted for use. The above and other objects 
and novel features of this invention Will become apparent 
from the description of this speci?cation and the accompa 
nying draWings. 
A typical one of inventions disclosed in the present 

application is brie?y summariZed as folloWs: TWo memory 
chips each being subjected to memory accesses in 2-bit units 
are assembled into a stacked structure by placing their back 
surfaces one over the other, so as to make memory accesses 
in 4-bit units. 

Another typical one of the inventions disclosed in the 
present application is brie?y summariZed as folloWs: A 
memory module is so constructed that a plurality of semi 
conductor storage device, in each of Which tWo memory 
chips each being subjected to memory accesses in 2-bit units 
are assembled into a stacked structure by placing their back 
surfaces one over the other, so as to make memory accesses 

in 4-bit units, are mounted on a mounting circuit board 
Which is square and formed With electrodes (connectors) 
along one latus thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective vieW of essential 
portions shoWing an embodiment of a semiconductor stor 
age device according to this invention; 

FIGS. 2A and 2B schematic pattern diagram shoWing an 
embodiment of tWo memory chips Which are made into the 
stacked structure of the semiconductor storage device 
according to this invention; 

FIG. 3 is a top plan vieW shoWing an embodiment of the 
semiconductor storage device according to this invention; 

FIG. 4 is an output system diagram shoWing an embodi 
ment of the semiconductor storage device according to this 
invention; 

FIG. 5 is a sectional vieW of essential portions shoWing an 
embodiment of a memory module Which employs semicon 
ductor storage devices according to this invention; 

FIG. 6 is a front surface vieW shoWing an embodiment of 
the memory module according to this invention; 

FIG. 7 is a back surface vieW shoWing an embodiment of 
the memory module according to this invention; 
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FIG. 8 is a block diagram showing an embodiment of the 
memory module shoWn in FIGS. 6 and 7; 

FIG. 9 is a schematic constructional vieW for explaining 
a memory system Which employs memory modules accord 
ing to this invention; 

FIG. 10 is a sectional vieW of essential portions shoWing 
another embodiment of the memory module employing 
semiconductor storage devices according to this invention; 

FIG. 11 is a sectional vieW of essential portions shoWing 
another embodiment of the memory module employing 
semiconductor storage devices according to this invention; 

FIG. 12 is a schematic layout diagram shoWing an 
embodiment of a dynamic RAM to Which this invention is 
applied, 

FIG. 13 is a circuit diagram shoWing an embodiment of a 
dynamic RAM according to this invention; 

FIG. 14 is a Whole block diagram shoWing an embodi 
ment of a synchronous DRAM to Which this invention is 
applied; 

FIG. 15 is a sectional vieW of essential portions shoWing 
a further embodiment of the memory module employing 
semiconductor storage devices according to this invention; 

FIG. 16 is a plan vieW for explaining the relationship 
betWeen one of the memory chips and a lead frame in the 
semiconductor storage device according to this invention; 
and 

DETAILED DESCRIPTION OF THE 
INVENTION 

ShoWn in FIG. 1 is a perspective vieW of the essential 
portions of one embodiment of a semiconductor storage 
device according to this invention. In this embodiment, tWo 
memory chips are held in a structure in Which they are 
stacked back to back Within an identical package. That is, the 
memory chips are placed one over the other so that the back 
sides of these memory chips may be opposite to each other, 
and that the front surfaces thereof, on each of Which bonding 
pads, etc. are formed, may face outWards. In the ?gure, 
among a large number of leads necessary for the package 
and the memory chips, some relevant to data terminals are 
representatively exempli?ed in order to facilitate under 
standing the invention. 
A method for easily enlarging a semiconductor storage 

device is a technique in Which tWo memory chips are 
mounted in a single package as stated in the of?cial gaZette 
mentioned before. Heretofore, in a 64-Mbit DRAM, 128 
Mbits have been realiZable When tWo 64-Mbit chips, in each 
of Which x4, x8 and x16 bits are existent, are stacked and 
assembled into one package. LikeWise, 512 Mbits have been 
realiZable When tWo 256-Mbit chips are assembled into one 
package. Such a stacking scheme has come into the limelight 
for inexpensive uses because it can shorten the development 
period than in the neW development of a single chip of 128 
Mbits or 512 Mbits. With the bit con?guration of a prior-art 
single chip of X4 bits or more, hoWever, only ><8 bits or more 
have been realiZable as the number of bits even When such 
chips are stacked. With the stacking scheme as stated above, 
therefore, it has been impossible to fabricate any ><4-bit 
product With 128 Mbits or 512 Mbits. 

Moreover, When the tWo memory chips are assembled 
into one package as stated in the of?cial gaZette, the Whole 
package thickens more as compared With the package of a 
semiconductor storage device Which has a storage capacity 
equal to the total storage capacity of the tWo memory chips. 
Even When external terminals are equally arrayed, there 
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occurs the problem that they cannot be matched With the 
pitches of connectors assembled at a high density in the case 
of mounting the memory chips in a memory module as 
explained later. In other Words, the semiconductor storage 
device having the tWo memory chips becomes incompatible 
With a semiconductor storage device in Which one memory 
chip is mounted in one package. 

In the invention of the present application, tWo memory 
chips each of Which can be set into a ><2-bit con?guration are 
made into a stacked structure, thereby to construct a semi 
conductor storage device of ><4-bit con?guration. In this 
case, the stacked structure is so contrived as to join the back 
surfaces of the tWo memory chips, in order that the total 
thickness of the memory chips to be assembled into the 
single package stated above may be equalized to the thick 
ness of the package in Which one chip is mounted. In this 
structure, the back surfaces of the memory chips are pre 
vented to the utmost from coming into touch With a sealing 
resin Which constitutes the single package. This is consid 
erably different from the prior-art semiconductor integrated 
circuit device Which is so constructed that the Whole semi 
conductor chips including the back surfaces and front sur 
faces thereof are in touch With the sealing resin for the 
purpose of sealing. OWing to such a contrivance, the inven 
tion attains the thinning of the semiconductor storage device 
While adopting the stacked structure. 

More speci?cally, in this embodiment, the memory chips 
are disposed back to back as described above, Whereby the 
sealing resin at the back surface parts as is contained in the 
prior-art semiconductor integrated circuit device can be 
decreased to thin the package to that extent. As a result, the 
thickness of the package in this embodiment can be equal 
iZed to that of the package of the existing semiconductor 
storage device having the equal storage capacity, even When 
the tWo memory chips are accommodated in the single 
package by arranging leads of LOC (Lead On Chip) struc 
ture on both the upper and loWer surfaces of the memory 
chip assembly as shoWn in the ?gure, and connecting these 
leads and the bonding pads of the memory chips by pieces 
of bonding Wire. 

In such a stacked structure, address terminals and control 
terminals Which are disposed back to back in the respective 
memory chips need to have the corresponding leads con 
nected in common outside. In the tWo memory chips, 
therefore, the relations betWeen the leads and the bonding 
pads are set to be inverse laterally. In contrast, When the 
corresponding ones of the data terminals are connected in 
common outside likeWise to the address terminals as stated 
above, data items each being of X2 bits collide at an external 
terminal. 

In this embodiment, accordingly, the address terminals 
etc. are held in mirror inversion betWeen in the upper 
memory chip and loWer memory chip of the stacked 
structure, Whereupon the leads and the bonding pads are 
connected. In contrast, the tWo data terminals are connected 
With the tWo leads on the same side as vieWed from the main 
surface of each memory chip. More speci?cally, in the 
illustrated example, each of leads for data formed as external 
terminals DQO and DQ1 extends toWard both the upper 
memory chip and the loWer memory chip, and the upper 
leads are respectively connected to the pads DQ(a) and 
DQ(c) of the upper memory chip through the Wire pieces, 
While the loWer leads are not connected to any of the pads 
of the loWer memory chip. 

Each of leads for data formed as external terminals DOS 
and DQ2 extends toWard both the upper memory chip and 
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the lower memory chip, and the lower leads are respectively 
connected to the pads DQ(a) and DQ(c) of the loWer 
memory chip through the Wire pieces, While the upper leads 
are not connected to any of the pads of the loWer memory 
chip. The pad arrangement of the loWer memory chip and 
that of the upper memory chip are similar, and pads DQ(b) 
and DQ(d) representatively shoWn on the upper memory 
chip are used together With the above pads DQ(a) and DQ(c) 
in the case Where data are outputted in 4-bit units from one 
of the memory chips. 

Accordingly, the pads DQ(b) and DQ(d) are not used in 
the embodiment of FIG. 1. The lead of A-signal is connected 
to pads A-PAD and B-PAD Which are formed on the 
respective memory chips at the distal ends of both its leads 
extending toWard the upper memory chip and the loWer 
memory chip, so that the identical A-signal is supplied in 
common to both the memory chips. Regarding the leads for 
data, the leads on the side on Which they are not connected 
may be cut aWay in order to loWer input/output capacitances 
as Will be explained later. 

ShoWn in FIGS. 2A and 2B are schematic pattern dia 
grams of one embodiment of the tWo memory chips Which 
are made into the stacked structure of the semiconductor 
storage device according to this invention. FIG. 2A shoWs 
the memory chip on the upper side (UPPER) and the leads 
and bonding Wire pieces corresponding thereto, While FIG. 
2B shoWs the memory chip on the loWer side (LOWER) and 
the leads and bonding Wire pieces corresponding thereto. 

In the memory chips of this embodiment, the ><2-bit 
con?guration, the ><4-bit con?guration, the ><8-bit con?gu 
ration and the ><16-bit con?guration can be selected by a 
metal option, a bonding option or the combination thereof as 
Will be explained later. The leads are shoWn in the maximum 
number so that they can cope With a plurality of these sorts 
of bit con?gurations. This embodiment exempli?es the leads 
and the bonding Wire pieces in the case Where each memory 
chip has a storage capacity of 256 Mbits in the ><2-bit 
con?guration. It is accordingly to be understood that the 
leads With no signal names affixed thereto are the ones Which 
are not existent in the above memory of the ><2-bit con?gu 
ration. 

The memory chip has the bonding pads arranged substan 
tially rectilinearly, substantially on the center line thereof in 
the longitudinal direction thereof. Such a construction in 
Which the bonding pads are aligned, becomes a very useful 
array of the bonding pads in the case to be explained later 
Where the tWo memory chips are made into the stacked 
structure back to back as stated above, Where the leads such 
as address terminals and control terminals are made com 
mon outside, and Where the resulting structure is mounted in 
the single package. 

Those lead terminals of the upper memory chip and loWer 
memory chip Which have signal names are arranged in 
lateral symmetry on the draWing, except for the leads for 
data, DQO through DOS enclosed With rectangles. For 
example, the respective leads arranged on the right side of 
the upper memory chip UPPER agree With the leads Which 
are arranged on the left side of the loWer memory chip 
LOWER, and Which are obtained by the mirror inversion 
With respect to the center line of the memory chip in the 
longitudinal direction thereof. Conversely, the respective 
leads arranged on the left side of the upper memory chip 
UPPER agree With the leads Which are arranged on the right 
side of the loWer memory chip LOWER, and Which are 
obtained by the mirror inversion With respect to the center 
line of the memory chip in the longitudinal direction thereof. 
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As described above, those leads of the upper memory chip 

UPPER and loWer memory chip LOWER to Which the same 
signals are fed are arranged so as to be laterally inverse. 
Here, in the case Where the bonding pads are aligned as 
stated before, the bonding Wire pieces may be arranged for 
the leads so as to be laterally inverse betWeen the upper side 
and the loWer side. In FIG. 2, the leads and bonding Wire 
pieces of the memory chip LOWER are arrayed in agree 
ment With those of the memory chip UPPER re?ected in a 
mirror Which is put on the right side of the memory chip 
UPPER. Regarding the leads for data, DQO through DQ3, 
hoWever, the bonding Wire pieces are connected to the leads 
DOS and DQ2 on the right side in the upper memory chip 
UPPER, While the bonding Wire pieces are connected to the 
leads DQO and DQl on the right side in the loWer memory 
chip LOWER. That is, the bonding pads of the memory 
chips and the leads to be connected thereto lie at the same 
positions, but the lead names are made different as stated 
above. 

In this embodiment, a pair of leads are extended in the 
longitudinal direction of each memory chip and are respec 
tively connected to leads for the voltage VDD of a poWer 
supply and the ground potential VSS of circuitry at the upper 
and loWer ends of the chip. The pair of leads are formed as 
bus bars, and are respectively used for appropriately feeding 
the poWer supply voltage VDD and circuital ground poten 
tial VSS to the memory chip through loW poWer supply 
impedances. The bus bars VDD and VSS are also arranged 
in the mirror inversion form betWeen in the upper memory 
chip UPPER and in the loWer memory chip LOWER. 

In the case Where the tWo memory chips as explained 
above are made into the structure in Which they are stacked 
back to back so as to be joined at the back surfaces, the 
address terminals and the control terminals have the respec 
tively corresponding leads placed one over the other verti 
cally and connected in common. In contrast, each of the data 
terminals has the tWo leads laterally separated from each 
other and electrically isolated from each other in the stacked 
structure, Whereby the data terminals DQO through DOS of 
X4 bits can be formed. 

ShoWn in FIG. 3 is a top plan vieW of one embodiment of 
the semiconductor storage device according to this inven 
tion. In this embodiment, the memory chips each being of 
256 Mbits are made into the stacked structure as explained 
above and are mounted in the single package, so as to have 
the storage capacity of 512 Mbits in total. This embodiment 
illustrates pin arrays in the cases Where the tWo memory 
chips are set into the ><2-, ><4- and ><8-bit con?gurations, 
thereby to realiZe the three sorts of bit con?gurations of X4 
bits, x8 bits and x16 bits, respectively. 

In this embodiment, a poWer supply terminal VCC cor 
responds to the poWer supply leads VDD mentioned before, 
and poWer supply terminals VCCQ and VSSQ are used for 
feeding the voltage VCC of a poWer supply and the ground 
potential VSS of circuitry therefrom Without being con 
nected to the bus bars. The poWer supply voltages VCCQ 
and VSSQ serve to feed an operating voltage for an output 
buffer. Thus, poWer supply noise having developed in the 
output buffer is prevented from propagating to any other 
internal circuit through the bus bars inside the semiconduc 
tor storage device. It is consequently possible to stabiliZe the 
operations of internal circuits. 

In this embodiment, the tWo memory chips each being of 
256 Mbits are mounted back to back in the standard package 
of 54 pins. Of course, the package has a thickness speci?ed 
as a standard. 
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ShoWn in FIG. 4 is an output system diagram of one 
embodiment of the semiconductor storage device according 
to this invention. Although not especially restricted, this 
embodiment illustrates an example Which employs memory 
chips each having a storage capacity of 64 Mbits, and it 
shoWs the relationships betWeen memory array positions and 
DQ Nos. in a normal mode. In this embodiment, one can be 
selected from among the four sorts of bit con?gurations of 
a ><2-bit product, a ><4-bit product, a ><8-bit product and a 
><16-bit product. As Will be explained later, a memory array 
corresponding to one memory bank is divided into 16 
subarrays, tWo pairs of main input/output lines (MIO) are 
laid from each of the subarrays, and 32 main ampli?ers are 
disposed in correspondence With the lines MIO. The 16 
subarrays are subdivided into left and right (L/R) groups 
each consisting of 8 subarrays. 

In the ><2-bit product, the left and right halves of the 
memory array correspond to the data terminals DQO and 
DQl as indicated by the symbols L and R, respectively. In 
this embodiment, a selection signal YS is generated in 
accordance With address signals A0 through A7, and signals 
are delivered from one memory bank to the 32 pairs of MIO 
(main input/output lines). As stated above, the 32 pairs of 
MIO are separated into the tWo sets of the left L and right R 
sets each consisting of 16 pairs. In the ><2-bit product, buffer 
circuits BC disposed in the number of 32 in correspondence 
With the main ampli?ers MA are separated into tWo sets 
Which correspond to the sets L and R, and Which are 
respectively connected in common to data terminals DQ3 
(0) and DQ15 

Eight of the 16 main ampli?ers of each set are selected in 
accordance With a column selection signal Y8 or Y8B 
formed by an address signal A8, and one main ampli?er MA 
is ?nally selected from among each of the sets L and R in 
accordance With address signals A9, A10 and A11 not 
shoWn, Whereby data of 2 bits are respectively delivered 
from the output terminals DQ3 (0) and DQ15 (1) through the 
buffer circuits CB corresponding to the selected main ampli 
?ers MA. Here, (0) and (1) indicate terminal Nos. in the case 
of the ><2-bit con?guration. In the ensuing y description, this 
shall hold true also of the other bit con?gurations. 

In the ><4-bit product, the output lines of the buffer circuits 
CB are separated into four sets. The address signal A11 for 
selecting the main ampli?ers MA is correspondingly invali 
dated (degenerated), Whereby data are read out in 4-bit units. 
In the ><8-bit product, the output lines of the buffer circuits 
CB are separated into eight sets, and the address signals A11 
and A10 for selecting the main ampli?ers MA are invali 
dated (degenerated), Whereby data are read out in 8-bit units. 
Besides, in the ><16-bit product, the output lines of the buffer 
circuits CB are separated into 16 sets, and the address 
signals A11, A10 and A9 for selecting the main ampli?ers 
MA are invalidated (degenerated), Whereby data are read out 
in 8-bit units. 
ShoWn in FIG. 5 is a sectional vieW of the essential 

portions of one embodiment of a memory module employ 
ing semiconductor storage devices according to this inven 
tion. The semiconductor storage devices each of Which has 
memory chips held back to back, are mounted on both 
surfaces of a module substrate. Leads are bonded onto the 
memory chips through adhesive layers. Bus bars Which 
extend orthogonally to the extending direction of the leads, 
have adhesive layers therefor formed thin so as to be smaller 
in height than the leads. Thus, a margin in a height direction 
can be enlarged in order to prevent the bus bars from being 
touched by pieces of Wire Which connect the selected ones 
of the leads and bonding pads provided on the front surfaces 
of the memory chips. 
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Each of the semiconductor storage devices mounted on 

both surfaces of the module substrate is constructed as the 
stacked structure of the tWo memory chips as explained 
before. Herein, since the stacked structure is formed so as to 
place the back surfaces of the memory chips one over the 
other, the thickness of a sealing resin can be set small. That 
is, the semiconductor storage device of this embodiment can 
be assembled into a package having a thickness equal to that 
of the ordinary semiconductor storage device in Which only 
one memory chip is mounted and Which has a storage 
capacity being half of that of the device of this embodiment, 
and it can be replaced With a memory module Which 
employs the ordinary semiconductor storage device. By 
such replacement With the memory module, the storage 
capacity can be doubled for the same packaging volume, and 
a packaging area can be reduced to half for the same storage 
capacity. 
As shoWn in FIG. 1, FIG. 2 and FIG. 5, the semiconductor 

storage device according to the present invention is sealed in 
the state Where the back surfaces of the ?rst and second 
memory chips (that is, the upper and loWer memory chips) 
are placed one over the other. It includes the ?rst lead DQO 
and second lead DQl Which extend from the ?rst latus of the 
sealed structure to the inside and outside this sealed 
structure, and the third lead DQ2 and fourth lead DQ3 Which 
extend from the second latus of the sealed structure opposite 
to the ?rst latus to the inside and outside this sealed 
structure. 

Each of the ?rst and second memory chips includes the 
?rst terminal DQ(a), second terminal DQ(b), third terminal 
DQ(c) and fourth terminal DQ(d) for outputting data, Which 
are arranged along a straight line being parallel to the longer 
latus of each memory chip and passing through the central 
parts of the shorter latus thereof, on the circuit forming 
surface of each memory chip. The second terminal DQ(b) is 
arranged at a position nearer to the ?rst terminal DQ(a) 
betWeen this ?rst terminal DQ(a) and the third terminal 
DQ(c), While the third terminal DQ(c) is arranged at a 
position nearer to the fourth terminal DQ(d) betWeen the 
second terminal DQ(b) and this fourth terminal DQ(d). 
The ?rst lead DQO and fourth lead DQ3 are arranged at 

positions Which oppose With the straight line held 
therebetWeen, While the second lead DQl and third lead 
DQ2 are arranged at positions Which oppose With the 
straight line held therebetWeen. Each of the ?rst and second 
memory chips outputs data in 2-bit units by employing 
either of the ?rst and second terminals, for example, the ?rst 
terminal DQ(a), and either of the third and fourth terminals, 
for example, the third terminal DQ(c), Whereby data are 
outputted from the ?rst, second, third and fourth leads in 
4-bit units in total. By the Way, in FIG. 1, terminals corre 
sponding to the second terminal DQ(b) and the fourth 
terminal DQ(d) are not depicted in the loWer memory chip, 
and they have been omitted from illustration in order to 
avoid the complicacy of the draWing. In actuality, the upper 
chip and the loWer chip have similar constructions, and the 
respective terminals exist in correspondence. 

Here, the data outputting in 2-bit units and the data 
outputting in 4-bit units can be selected for the ?rst and 
second memory chips. In the case of executing the data 
outputting in 4-bit units, the ?rst terminal DQ(a), second 
terminal DQ(b), third terminal DQ(c) and fourth terminal 
DQ(d) are employed as explained before. The positional 
relations of these terminals as stated above are determined in 
accordance With the normaliZed positions of the correspond 
ing leads. That is, the individual terminals are arranged in 
such positional relations that the Wire pieces can be short 




















